Searching PAJ 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 09-110432 
(43)Date of publication of application : 28.04.1997 



(51)lnt.CI. 




C016 49/00 
C04B 35/26 
H01F 1/34 




(21)Application number : 


: 07-263391 


(71)Applicant 


: TDK CORP 


(22)Date of filing : 


12.10.1995 


(72)lnvent0r : 


ONIZUKA MASAHIRO 








NOMURA TAKESHI 





(54) Z TYPE HEXAGONAL OXIDE MAGNETIC MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a magnetic material having such strength as to make 
it withstand use as an inductance element and not reducing the magnetic permeability even in 
a high-frequency region by incorporating specified elements and specifying the ratio of a X 
type phase to formed phases in relative intensity. 

SOLUTION: This Z type hexagonal oxide magnetic material contains Fe, Co, M (M is at least 
one among Ba, Sr and Pb), Si, Ca and O and has >60% ratio of a Z type phase to formed 
phases in relative intensity. It is easily produced by incorporating, by mol, 68-73% Fe203, 15- 
22% MO, 9-13% CoO, 0.04-1.0% Si02 and 0.04-1.0% CaO (expressed in terms of oxides) or 
68-73% Fe203, 15-22% MO, 9-13% CoO and MeO (Me is at least one among Ni, Zn, Cu, Mg 
and Mn), 0.04-1 .0% Si02 and 0.04-1 .0% CaO (expressed in terms of oxides). 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Z mold hexagonal system oxide magnetic material which contains Fe, Co, M (M is at least 
one sort of Ba, Sr, and Pb), Si, calcium, and O, and is characterized by Z type phase being 60% or more 
in a relative intensity ratio of a generation phase. 

[Claim 2] Z mold hexagonal system oxide magnetic material according to claim 1 characterized by 
containing Me (Me being at least one sort of nickel, Zn, Cu, Mg, and Mn). 
[Claim 3] Z mold hexagonal system oxide magnetic material according to claim 1 characterized by 
containing [ Fe 203 / 68 thru/or 73mol%MO (M is at least one sort of Ba, Sr, and Pb) / 15 thru/or 
22mol%CoO ] 0.04 thru/or 1.0mol%CaO for 9 thru/or 13mol%Si02 0.04 thru/or in [ 1.0 mol ] % by 
oxide conversion. 

[Claim 4] By oxide conversion Fe 203 68 thru/or 73mol%MO (M is at least one sort of Ba, Sr, and Pb) - 
- 15 thru/or 22-mol% - 0.04 thru/or 1.0mol%CaO for CoO and MeO (Me being at least one sort of 
nickel, Zn, Cu, Mg, and Mn)9 thru/or 13mol%Si02 Z mold hexagonal system oxide magnetic material 
according to claim 2 characterized by containing 0.04 thru/or in [ 1.0 mol ] %. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * * * * shows the word which can not be translated. 

3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to Z mold hexagonal system oxide magnetic material. 
[0002] 

[Description of the Prior Art] In recent years, RF-ization is advanced with the miniaturization of 
electronic equipment, and lightweight-izing, and the correspondence to RF-izing is indispensable also 
about the component part of electronic equipment. Also in the inductance element by the oxide magnetic 
material, the correspondence to not an exception but RF-izing is called for in such a condition. 
[0003] Moreover, since the surface mount of the electronic parts is carried out with a miniaturization 
and lightweight-izing in many cases, the reinforcement for surface-mount-izing is also required and the 
oxide magnetic material itself needs to be high-density-sintered-compact-ized of the inductance element 
by the oxide magnetic material. 

[0004] The magnetic substance and a dielectric are used as a material used for an inductance element, 
and glass or the dielectric ceramics is used as a spinel mold oxide magnetic material and a dielectric as 
the magnetic substance. 

[0005] The crystal structure is a cubic, since permeability is comparatively high, a spinel mold oxide 
magnetic material is used for various inductance elements, a power transformer, etc., and the nickel 
system oxide magnetic material is used about the inductance element used especially in a RF field. 
[0006] However, a spinel mold oxide magnetic material has the defect that permeability decreases 
rapidly above a certain frequency, and it cannot be used for the inductance element which reduction in 
permeability begins from near 300MHz, and is used on the frequency beyond it in said nickel system 
oxide magnetic material. 

[0007] So, glass or the dielectric ceramics is used and put in practical use by the inductance element 
used by the RF in many cases. 

[0008] However, in order to obtain a required inductance for non-magnetic material, the number of turns 
of dielectric ceramics [ glass or ] of a coil increases, and it has been a failure to a miniaturization. 
Moreover, since relative permeability is 1, there is a defect which the leakage of magnetic flux arises 
and has magnetic effect on contiguity components, and it had become the factor which makes a circuit 
design difficult. 

[0009] Then, though it is the magnetic substance as a material of an inductance element, a material 
without reduction of the permeability in a RF field is desired, and the hexagonal system oxide magnetic 
material is indicated by JP,33-736,B, JP,33-6778,B, etc. as a thing corresponding to this demand. 
[0010] There are M mold which is a hard ferrite, W mold which does not contain cobalt, Z mold which 
does not contain cobalt, and Y mold which is a soft ferrite, W mold containing cobalt and Z mold 
containing cobalt in a hexagonal system oxide magnetic material, a hard ferrite is used for a magnet, 
magnetic-recording data medium, etc., and the soft ferrite is used for the inductance element, the wave 
absorber, etc. 

[001 1] Thus, a hexagonal system oxide magnetic material is classified into M mold (AFe 12019), W 
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mold (AB2Fe 16027), Y mold (A2B2Fe 12022), Z mold (A3B-2 Fe 24041), etc. 

[0012] Here, the hexagonal system oxide magnetic material of Z mold is expressed with general formula 

M3Me2Fe 24041, and M is the compound which is a metal ion divalent in Me with alkaline-earth-metal 

ion. Since permeability is able for Z mold whose Me is Co to have an easy axis in the field of a 

hexagonal crystal, and to have high permeability from a spinel mold oxide magnetic material to a RF 

field since the anisotropy is large, it is the optimal as a material of the inductance element used in a RF 

field. 

[0013] 

[Problem(s) to be Solved by the Invention] However, the hexagonal system oxide magnetic material of 
Z mold has the defect that sintered compact density is low. While it is in the orientation for electronic 
equipment components current [ many ] to turn into a surface mounted device and the mechanical 
strength of components is needed, since an inductance element is not an exception, either, it is necessary 
to raise the mechanical strength of the inductance element itself. Therefore, although it is necessary to 
raise the reinforcement of the oxide magnetic material itself with an inductance element, since the 
hexagonal system oxide magnetic material of Z mold has low sintered compact density, reinforcement 
will deteriorate. Moreover, there is relation with close permeability and sintered compact density, and 
since the permeability itself will become low if sintered compact density is low, the original property 
which the hexagonal system oxide magnetic material of Z mold has cannot be reflected. 
[0014] In order to make high sintered density of the hexagonal system oxide magnetic material of Z 
mold, it is known that it can attain by generally making whenever [ glost firing Nariatsu ] into an 
elevated temperature. 

[0015] However, if actual baking of the hexagonal system oxide magnetic material of Z mold is carried 
out at an elevated temperature, Fe3+ in an oxide magnetic material will be returned, and Fe2+ will be 
generated. In order that generation of Fe2+ may reduce the specific resistance of an oxide magnetic 
material, eddy current loss is caused in a RF field, and loss of an inductance element becomes large. 
[0016] Moreover, reduction of Fe3+ in the hexagonal system oxide magnetic material of Z mold causes 
the decomposition to W mold and Y mold from Z mold, and even if density goes up, the amount of 
generation of Z mold will decrease. 

[0017] Making whenever [ glost firing Nariatsu ] into an elevated temperature, and making high sintered 
density of the hexagonal system oxide magnetic material of Z mold has come [ as mentioned above, ] to 
solve the aforementioned trouble preferably. 

[0018] Then, this invention aims at offering the inductance element material with which it has the 
reinforcement which can bear for using it as an inductance element, and permeability does not decrease 
in a RF field. 
[0019] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to 
claim 1 contains Fe, Co, M (M is at least one sort of Ba, Sr, and Pb), Si, calcium, and O, and offers Z 
mold hexagonal system oxide magnetic material characterized by Z mold being 60% or more in a 
relative intensity ratio of a generation phase. 

[0020] Furthermore, according to invention according to claim 2, the above-mentioned purpose is 
attained by offering Z mold hexagonal system oxide magnetic material according to claim 1 
characterized by containing Me (Me being at least one sort of nickel, Zn, Cu, Mg, and Mn). 
[0021] Moreover, according to invention according to claim 3, in Z mold hexagonal system oxide 
magnetic material according to claim 1, the purpose is attained by oxide conversion by containing [ Fe 
203 / 68 thru/or 73mol%MO (M is at least one sort of Ba Sr, and Pb) / 15 thru/or 22mol%CoO ] 0.04 
thru/or 1 .0mol%CaO for 9 thru/or 13mol%Si02 0.03 thru/or in [ 1 .0 mol ] %. 

[0022] According to invention according to claim 4, it sets to Z mold hexagonal system oxide magnetic 
material according to claim 2. By oxide conversion Fe 203 68 thru/or 73mol%MO (M is at least one 
sort of Ba, Sr, and Pb) 1 5 thru/or 22-mol% -- 0.04 thru/or 1 .0mol%CaO for CoO and MeO (Me being 
at least one sort of nickel, Zn, Cu, Mg, and Mn)9 thru/or 13mol%Si02 The purpose is attained by 
containing 0.04 thru/or in [ 1 .0 mol ] %. 
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[0023] 

[Example] Next, an example is shown and this invention is explained to details. 
[0024] Weighing capacity of Fe 203, Co304, BaC03, SrC03 and Si02, and the CaC03 grade was 
carried out, and it mixed with the ball mill for 20 hours so that an oxide magnetic material might serve 
as a rate as shown in the table 1 shown in drawing 1 . Here, about Si02 and CaC03, you may add at the 
time of grinding performed after temporary baking. 

[0025] Next, temporary baking of the material mixed with the ball mill for 20 hours was carried out by 
20 - 100% of oxygen tension at the temperature of 1200-1300 degrees C for 2 hours, and the ball mill 
ground after that for 40 hours. A binder etc. is added and fabricated into the material produced here, and 
it calcinates by 20 - 100% of oxygen tension at the temperature of 1 150-1350 degrees C for 2 hours. 
[0026] Thus, Z mold relative intensity ratio about the data of each acquired example, the real component 
("permeability" is only called henceforth.) of 100MHz complex permeability, a resonance frequency, 
and sintered compact density were measured, and the result was expressed with the table 2 shown in 
drawing 2 . 

[0027] Z mold relative intensity ratio is a kind of the analytical method using an X-ray diffraction 
method here. An X diffraction is the method of detecting the X-ray which irradiated the X-ray and 
reflected it in the sample, and analyzing a sample. It is strongly reflected at a certain angle to the 
direction of incidence, and the reflected X-ray calls this a diffraction line. Although the location where 
this diffraction line appears, and reinforcement change with material, when a certain unit material is 
measured, the thing strongest against some angles in the diffraction line which the diffraction line 
appeared and appeared is extracted as a strongest diffraction line. 

[0028] When two or more sorts of material is intermingled in a test portion, these two or more strongest 
diffraction lines are also extracted, and material is specified for every strongest diffraction line. The 
thing showing the intensity ratio of the strongest diffraction line for every material of this is a relative 
intensity ratio. 

[0029] Therefore, it is Z mold relative intensity ratio which asked for the ratio of the sum of the 
strongest diffraction line intensity of the hexagonal system oxide magnetic material of Z mold, and each 
material. 

[0030] After measurement of the X diffraction for Z mold relative intensity ratio measurement having 
ground the sample after this baking with the agate mortar and making it into a powder sample, it was 
performed, and 2theta made scan speed per minute 1 minute in 22 - 42 degrees, and was taken as 0.01 
travel. Moreover, the diffraction line of the generation phase used for computing Z mold relative 
intensity ratio used Z (1016), Y (119), W (1 16), M (107), BaFe 204 (212) and CoFe 204 (3 1 1) which 
are each strongest diffraction line, and Fe203 (104). 

[0031] When other generation phases are generated and a diffraction line appears, it identifies according 
to an ASTM card and a relative intensity ratio is computed using the strongest diffraction line. 
[0032] After measurement of permeability carried out actual baking of the sample cast to disc-like [ with 
a diameter / of 20mm /, and a thickness of 4mm ], it was processed into the toroidal mold with the 
appearance of 14mm, a bore [ of 7mm ], and a thickness of 2mm, and it went in the range of 10- 
3000MHz by the short circuit coaxial type measuring method (JIS C 2561) using a network analyzer. 
[0033] The density measurement of a sintered compact computed volume by having measured the 
dimension, and computed it by measuring weight. 

[0034] As the table 2 shown in drawing 2 shows, it turns out whether either permeability or a resonance 
frequency has become very large and that permeability and a resonance frequency are [ what has large Z 
mold relative intensity ratio, and ] both comparatively large especially about 60% or more of thing 
(numbers 1-16). That from which permeability serves as size among such materials can respond to the 
product which will be used for the inductance element which it is used for the inductance element 
comparatively used for a low frequency field even if it is in a RF field, and is especially in a RF field 
about what has a high resonance frequency, and is used for the field of a RF field, and is used for each 
frequency region of a RF field. 

[0035] Moreover, it is difficult what has small Z mold relative intensity ratio, and to use permeability 
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and a resonance frequency as an inductance element small especially by less than 60% of thing 
(numbers 17-21). 

[0036] In addition, the thing which has Z mold relative intensity ratio smaller than the table 2 shown in 
the table 1 shown in drawing 1 , and drawing 2 , What has less than 60% of especially large thing 
(numbers 17-21) and especially large Z mold relative intensity ratio, Especially, between 60% or more 
of things (numbers 17-21), there is no difference in sintering volume density, and even if Z mold relative 
intensity ratios are a large thing, especially 60% or more of thing, the reinforcement as an inductance 
element comes out enough, and understands a certain thing. 

[0037] Here, although Co is a material indispensable when the oxide of this invention is constituted, Me 
(Me is at least one sort of nickel, Zn, Cu, Mg, and Mn) can replace the part. Therefore, since the table of 
drawing 1 and drawing 2 shows that it is possible to acquire an equivalent property even if it uses a 
comparatively cheap material as compared with Co, a manufacturing cost can be lowered by adding Me 
(Me being at least one sort of nickel, Zn, Cu, Mg, and Mn). 

[0038] Moreover, Fe, Co, MO (M is at least one sort of Ba, Sr, and Pb), and Me (Me is at least one sort 
of nickel, Zn, Cu, Mg, and Mn) are oxide conversions. 68 thru/or 73-mol% and MO (M is at least one 
sort of Ba, Sr, and Pb) for Fe 203 For example, 15 thru/or 22-mol%, For CoO 9 thru/or 13-mol% and 
Si02 0.04 thni/or L0-mol%, CaO ~ 0.04 thru/or 1.0-mol% -- becoming out of range **** - oxide 
conversion Fe 203 - 68 thru/or 73-mol% - MO (M is at least one sort of Ba, Sr, and Pb) 15 thru/or 
22-mol%, As CoO is shown in the numbers 17-21 of the table 2 showing Z mold hexagonal system 
oxide magnetic material which serves as 9 thru/or 13-mol% and Si02 0.04 thru/or 1.0-mol%, and serves 
as outside 0.04 thru/or in [ 1 .0 mol ] % in CaO in drawing 2 , Z mold generation phase tends to become 
60% or less. 

[0039] Moreover, since decline in permeability will occur and a deposit of the Si-calcium glass to the 
oxide magnetic material surface will also be produced if it adds more than across the range, i.e., 1.0- 
mol%, which shows Si02 and CaO in a table 1, the contact surfaces fix or problems, like appearance 
becomes dirty arise. 

[0040] 68 thru/or 73-mol% and MO (M is at least one sort of Ba, Sr, and Pb) for Fe 203 by oxide 
conversion Therefore, 15 thru/or 22-mol%, For CoO 9 thru/or 13-mol% and Si02 0.04 thru/or 1.0- 
mol%, For CaO Fe 203 by 0.04 thru/or the 1.0-mol range of % or, and oxide conversion 68 thru/or 73- 
mol%' MO (M is at least one sort of Ba, Sr, and Pb) 15 thru/or 22-mol%, Z mold generation phase can 
manufacture easily 60% or more of Z mold hexagonal system oxide magnetic material by containing 9 
thru/or 13-mol% and Si02, and making CaO contain CoO 0.04 thru/or in [ 1.0 mol ] % 0.04 thru/or 1.0- 
mol%. 

[0041] Here, No. 21 the sintering volume density and specific resistance whose number 1 1 of table 1 
publication thru/or 15, and Z mold generation phase whose Z mold generation phase generated by the 
above presentations is 60% or more of Z mold hexagonal system oxide magnetic material are less than 
60% of Z mold hexagonal system oxide magnetic material were expressed with the table 3 shown in 
drawing 3 . 

[0042] Generally, if the density of a sintering object is raised, it is in the falling orientation about 
specific resistance. However, in 60% or more of Z mold hexagonal system oxide magnetic material (a 
number 1 1 thru/or 15), although sintering volume density is [ Z mold generation phase ] large, Z mold 
generation phase applied to this invention as shown in the table 3 shown in drawing 3 comparing with 
less than 60% of Z mold hexagonal system oxide magnetic material (number 21), as for specific 
resistance, Z mold generation phase is maintaining less than 60% of Z mold hexagonal system oxide 
magnetic material (number 21), and the value more than equivalent. This shows that it has the effect of 
reducing loss, if Z mold generation phase applied to this invention as an inductance element uses 60% or 
more of Z mold hexagonal system oxide magnetic material. 

[0043] Furthermore, since the elongation of plating will arise from the polar zone in the magnetic 
material section and it will be easy to cause short circuit accident if resistance of a magnetic material is 
low, although plating processing is carried out so that an electrode may be covered for the improvement 
in reliability of the polar zone in case an inductance element is constituted, an excessive production 



h g eg b eb eg e e 



rage juu 



process is needed for a manufacturing process. 

[0044] Here, if Z mold generation phase concerning this invention uses 60% or more of Z mold 
hexagonal system oxide magnetic material, since specific resistance is high, the elongation of plating 
can be prevented and a manufacturing process can be simplified. 

[0045] . 
[Effect of the Invention] It became possible to provide the inductance element material with which it has 
the reinforcement which can bear for using it as an inductance element, and permeability does not 
decrease in a RF field. 

[Translation done ] 
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70-iai 


1 7.545 


11.697 
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0.52688 
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70.181 


17.545 


11.697 


0.04917 
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70.193 


3.7746 


11.699 


0.04773 


0.5 IM2 


8.7746 
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70.193 


8.7746 
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0.51 142 
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0.93232 


0.63094 
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0.93232 
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8.7732 
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8.7732 
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8.7732 


0.0491 7 
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70.184 


17.546 
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0.04884 


0.5233 
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70.178 
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0.04962 
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11.646 


0.4875 


0.5223 
















18 


79.767 
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11.645 


0.4916 
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23.539 
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69.896 


30.324 


3.725 
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70.588 


17.647 
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12 
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4. « 
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1 0' 


15 


4. ? 


1 0" 


2] 


4. 3 


1 0' 
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B0 


10 


1.000 


4.6 


2 


76 


20 


300 


S.2 


3 


B3 


IS 


600 


5.2 


4 


95 
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2,200 


4.6 


5 


96 


13 


7Q0 


50 


6 


94 


20 


300 


5.3 


7 


96 


6 


1.600 


4.8 


8 


98 


10 


BOO 


5.0 


9 


94 


IS 


300 


5.3 


10 


60 


10 


400 


4.8 


11 


85 


24 


400 


4.8 


12 


80 


IS 


300 


4.9 


13 


76 


15 


300 


4.8 


14 


80 


16 


300 


4.7 


15 


83 


10 


400 


4,7 


16 


85 


5 


2,500 


4.6 


17 


45 


5 


200 


4.8 


IB 


40 


3 


300 


4.9 


19 


40 


5 


200 


4.8 


20 


40 


5 


ZOO 


4.8 


21 


S5 


5 


200 


4.3 
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